The rotation of the CH3 groups round the single C--C bond in ethane is associated with a threshold energy of about 3000 gcal./gmol. or 2 x 10-13 erg/ mol. (Schafer 1938; Kistiakowsky, Lacher and S tru tt 1939). In an aliphatic CH2 chain where the carbon atoms are linked together by single bonds the corresponding energy m ust be of the same order and is most likely rather smaller. Supposing we consider any particular C-C bond in the chain and tre a t the two parts a t each side of this bond as rigid rotators, then their kinetic energy would be 2 x \ kT which a t room tem perature amounts to about one-fifth of the threshold energy. I t seems very likely under these circumstances th a t a chain molecule of say ten to tw enty carbon atoms should already a t room tem perature show signs of distortion due to internal rotation. I f this is true, then the previously observed increase of the crystal symmetry a t the melting-point of paraffins (Muller 1930(Muller , 1932 and the corresponding changes of the polarization of long-chain ketones (Muller 1937, j 938) can no longer be ascribed entirely to a rotation of the molecule in the field of the surrounding molecules but m ust a t least partly be due to this internal distortion. I t is clear th a t a distortion of this type tends to destroy the anisotropy of the molecule and to give an apparent isotropy to the crystal.
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The present experiments were made in order to obtain an estimate of the magnitude of the distortion effect. I t is found to be surprisingly large.
The principle of the experiment is the following: The polarization/tempera ture curves are investigated experimentally for two normal chain ketones. The two substances are shown in figure 1. They have two ketone dipoles each and since they differ only by one CH2 group are chemically very similar to each other. The essential difference between the two lies in the orientation of the two dipoles in relation to each other. The ketone with ten carbon atoms has according to the diagram its two oxygen atoms on opposite sides of the carbon chain. Since the dipole is associated with the ketone group, the two identical dipoles point in opposite direction and are therefore compensated. I f the chain between the two dipoles were absolutely rigid, this substance would be electrically neutral a t any tem perature and the bulk of the material would essentially behave like a paraffin. In other words, there would be no increase of the polarization a t the melting-point. The substance with eleven carbon atoms should under those circumstances behave in a totally different way. In this substance the two dipoles lie parallel and point in the same direction. The substance should therefore show very strong dipole effects. If, on the other hand, the chain between the dipoles is not rigid, then the two dipoles would be under no constraint and the two substances would both show an increase of the polarization a t the melting-point.
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The writer is much indebted to Dr J. W. Oldham in this laboratory for the synthesis of the two double ketones. The C10H 18O2 melts a t 63-5° C, the CiiH 20O2 a t 67-5° C. Both substances crystallize in white flakes. I t is not difficult to separate small single crystals suitable for X-ray analysis. The two substances give very similar pictures. The long spacings differ in length as is to be expected from the chemical formula. The increase is the same as is found in the normal form of the hydrocarbon series. The crystals have very nearly trigonal symmetry with regard to the chain axes. This is con firmed by .optical examination which shows th a t the two substances are nearly uniaxial. The positions of the two oxygen atoms in the chain is easily checked by measuring the intensities of several orders of the long spacing. The calculation agrees with the observed intensities.
There remains only one uncertainty with regard to the position of the dipoles in the crystals. I t is assumed in the previous section th a t the dipoles are either parallel or antiparallel in the undistorted molecules. A direct test which would require a detailed X-ray analysis has not been made yet, but there are indirect arguments which seem to speak in favour of the assump tion. First, it is difficult to see why the divalent ketone oxygen on sub stituting it for two symmetrically placed hydrogens in the hydrocarbon chain should destroy the symmetry. Secondly, if the C-O bond were not symmetrically placed in relation to the carbon chain isomers should result on substituting one of the ketone oxygens by two dissimilar monovalent atoms or radicals. No such isomers seem to exist.
There is a further point to be considered. In C10 where the dipoles are assumed to be antiparallel the corresponding dipole energy is a minimum. In Cn this energy is a maximum and consequently the two dipoles tend to tw ist the chain which lies between the two ketone groups. The dipole energy is ju,2/R 3, where [i = 2-8 x 10~18 and R = 7-8 A, the distance between the dipoles. The energy is therefore 1-6 x 10~14 erg, whereas the threshold is about 2 x 10-13 erg. In other words, the dipole energy is not large enough to produce an appreciable deformation of the molecule.
E xperimental
The apparatus for measuring the dielectric con stants is identical with th a t used in previous re search. The wave-length is about 20 m. A slight change is made in the therm ostatic control of the temperature. The oil circulating pump is com pletely immersed in the Dewar flask. The substance condenser is reduced in size and contains only about 1 c.c. of substance. The accuracy of the measurements is slightly decreased but this dis advantage is out-weighed by the better tem pera ture control and the fact th a t experiments are feasible with small quantities of material. The design of the condenser is shown in figure 2 . A word may be said about the absolute value of the dielectric constants. There is the well-known difficulty which arises from the incomplete filling of the condenser with the solid material. This effect is particularly marked with substances of the kind used in this work on account of their large contrac tion a t the setting point. I t is found th a t this difficulty can a t least partly be overcome by the following procedure. The condenser after being dried and exhausted is gradually filled up with the substance and the occluded gas is pumped off. The substance is solidified from the bottom and reheated if any signs of gas bubbles are visible. A con denser filled in this way will give reproducible results. If this precaution is not taken, lower values for the dielectric constants result but subsequent series of experiments still reproduce with these lower values. In the present work the absolute values are of minor importance. 
D iscussion op the results
The result of the experiments are given in two sets of curves (figures 3, 4), each referring to one of the two substances. One curve represents all the observations obtained during the first heating of the condenser and its contents, these being previously filled in under vacuum. The other curve gives the observations obtained during the subsequent heating. Owing to the absence of interstices in the dielectric, the first curve shows higher values for (e _ i)/(e + 2) than the second curve. This holds essentially for obser vations of the solid state. As the tem perature gets higher the two sets of observations become identical.
Comparing now the corresponding observations of the two ketones, the following facts appear. The substance with the compensated dipoles has a slightly lower polarization than th a t with the non-compensated dipoles. T his difference would be enhanced if the observed values were reduced to equal dipole concentration, since the substance with the compensated dipole has one CH2 group less than the other substance. On heating the two sub stances it is found th a t the (e-l)/(e-t-2) of the compensated ketone rises a t first more slowly than the corresponding values of the non-compensated ketone. Near the melting-point the reverse takes place. The curve repre senting the polarization of the compensated ketone begins to rise more rapidly and a t the melting-point itself the two curves reach approximately the same maximum value. The two sets of curves have essentially the same shape, the incomplete filling of the condenser does therefore not alter the phenomenon.
The conclusions drawn from these observations are the following. Con sider first the substance with the non-compensated dipole. The individual molecule of this substance has a strong dipole moment, bu t since the mole cules are fixed in a random position the dipole effect of the solid material is small. An increase of the tem perature sets the molecules free and thus produces the observed rise of (e -l)/(e + 2).
For the ketone with the compensated dipoles the conditions are different. The rise of the tem perature has a double effect. I t produces again an increase of the motion of the molecules but this alone would not prodilbe an external effect if the dipole moments of the individual molecule remained com pensated. If, as the experiments show, there is an increase of the polarization, there m ust exist a distortion of the molecule due to the therm al agitation. The main result of the present investigation is the fact th a t this distortion is so large th a t the two substances have practically the same polarization at their melting-points.
We are therefore led to the conclusion th a t when dealing with the structure of a solid long-chain substance we have to take into account the torsional flexibility of the constituent chain molecules.
The two preponderant types of motion in the solid are the rotation of the molecule as a whole and the internal torsional vibration of the molecule. I t is interesting to obtain an estimate of the potential energies involved in these two types of motion. The threshold energy of the internal rotation as already given in the introduction is of the order of 2 x 10-13 erg. The threshold energy of the rotation of the whole molecule depends obviously upon the tem perature and becomes very small when the substance is near its melting-point. I t changes very rapidly near the melting-point and reaches a nearly temperature-independent level later. This has been calculated in a previous paper (Muller 1936) and amounts to about 5 x 10-14 erg per CH2 group. We take, for example, a chain molecule of four carbon atoms which has the length equal to the distance between the two dipoles in one of the ketones treated in this paper. The threshold energy of rotation of this mole cule is 4 x 5 x 10-14 erg, i.e. it is of the same magnitude as the threshold energy of the internal rotation. The probabilities of rotation in bulk and of internal rotation are therefore of the same order in this particular case. These estimates agree with the present observations and suggest th a t internal distortion of the molecule in the solid is appreciable even when dealing with comparatively short chains. This is the main result of the present work. I t suggests a modification of the view th a t the increase of the apparent symmetry of chain substances near their melting-points is due to rotation of the molecule as a whole. This increase may just as likely be due to internal distortion of the chains. More experiments will have to be done before this problem can be settled in a satisfactory manner.
In connexion with this, two papers (Sillars 1938; Pelmore 1939) are quoted. Both deal with the relaxation time of dipole chain molecules dis solved in paraffins. From the figures given by the authors it follows th a t the relaxation times depend upon the chain lengths of the dipole substances, but it is obvious th a t there is no simple linear relation between the two. No definite conclusion is given in these papers as regards the mechanism of the relaxation phenomenon. If the present view is accepted, it becomes clear th a t no linear relation is to be expected.
The writer wishes to express his thanks to the Director and the Managers of the Royal Institution for their interest in this work.
Summary
A series of measurements is made of the dielectric polarization of two diketones. The two substances consist of aliphatic chain molecules each carrying two C-O dipoles. These two dipoles are differently situated in the two substances. In one substance, C10H 18O2, the two dipoles are antiparallel and tend to neutralize each other; in the other, Cn H 20O2, they are on the same side of the chain axis and therefore reinforce each other. From the behaviour of the two substances in the neighbourhood of their melting-
